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PROBLEM TO BE SOLVED: To provide an immersion aligner which 
does not cause the deterioration of its image forming performance. 
SOLUTION: An immersion aligner which is provided with a projection 
optical system PL which transfers a pattern Pa drawn on a reticle R to 
the surface of a wafer W and print-transfers the pattern Pa, and in 
which at least part of the working distance L between the lens surface 
Pe of the optical system PL closest to the wafer W and the wafer W, is 
filled up with a liquid LQ which transmits exposing light IL is constituted 
so that the working distance L may meet a relation, L<X/(0.3x 
&verbar;N&verbar;) (where, X and N (1/°C) respectively represent the 
wavelength of the light IL and the temperature coefficient of the 
refractive index of the liquid IQ). In addition, the liquid LQ is prepared 
by adding an additive which reduces the surface tension of pure water 
or increases the interface activity of the pure water to the pure water. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has the projection optics which carries out the printing imprint of the pattern drawn on the reticle on a wafer. In the 
immersion photolithography system which filled at least the part of the working distances between the lens side which approached the 
wafer of this projection optics most, and said wafer with the liquid which penetrates exposure light When the die length of said 
working distance is set to L, wavelength of said exposure light is set to lambda and the temperature coefficient of the refractive index 
of said liquid is set to N (1 -/degree C), it is L<=lambda/(0.3x|N|). 

The immersion photolithography system characterized by forming so that it may become. 

[Claim 2] It has the projection optics which carries out the printing imprint of the pattern drawn on the reticle on a wafer. In the 
immersion photolithography system which filled at least the part of the working distances between the lens side which approached the 
wafer of this projection optics most, and said wafer with the liquid which penetrates exposure light The immersion photolithography 
system characterized by using what added the additive which decreases the surface tension of pure water or increases whenever 
[ surface activity / of pure water ] as said liquid to said pure water. 

[Claim 3] The immersion photolithography system according to claim 1 or 2 whose die-length L of said working distance is 2mm or 
less. 

[Claim 4] The immersion photolithography system according to claim 1, 2, or 3 which synchronized with the velocity ratio 
corresponding to the scale factor of said projection optics, and has arranged said reticle and wafer possible [ a scan ] to uniform 
velocity. 

[Claim 5] The immersion photolithography system according to claim 1, 2, 3, or 4 using the light of an ultraviolet area as said 
exposure light. 

[Claim 6] The immersion photolithography system according to claim 1, 2, 3, 4, or 5 which formed the lower limit side of the lens- 
barrel which forms the optical surface by the side of the wafer of the tip optical element by the side of a wafer in a plane most, and 
holds said tip optical element of said projection optics so that the same flat surface as said optical surface might be made, and beveled 
to the lower limit peripheral face of said lens-barrel. 

[Claim 7] The immersion photolithography system according to claim 6 said whose tip optical element is an parallel plate. 
[Claim 8] The immersion photolithography system of claim 1-7 given in any 1 term which held said wafer on the holder table, set up 
the wall on the top-face periphery of said holder table so that working distance could be filled with said liquid, prepared the liquid 
supply unit so that said liquids could be supplied and collected in said holder table, and prepared the both sides of said holder table and 
a liquid supply unit the heat regulator. 

[Claim 9] The immersion photolithography system of claim 1 -7 given in any 1 term which attached the rise-and-fall driving gear in 
said pin so that said wafer is held by the wafer chuck, a wall is set up on the top- face periphery of said wafer chuck so that working 
distance can be filled with said liquid, said wafer chuck might be penetrated, at least three pins might be prepared and said wafer could 
be lifted above said wafer chuck. 

[Claim 10] The immersion photolithography system of claim 1-7 given in any 1 term which attached the rise-and-fall driving gear in 
said wafer chuck so that said wafer is held by the wafer chuck, a wall is set up on the top-face periphery of said wafer chuck so that 
working distance can be filled with said liquid, said wafer chuck might be penetrated, at least three pins might be prepared and the 
upper limit of said wall of a wafer chuck could be made lower than the lower limit of said projection optics. 

[Claim 1 1] The immersion photolithography system of claim 1-10 given in any 1 term which avoided interference with the lower limit 
part of projection optics by preparing the fluid-tight door section which can be freely opened and closed to said a part of wall. 
[Claim 12] The immersion photolithography system of claim 1-11 given in any 1 term which attached the mirror for interferometers in 
the side face of said projection optics, and established the protection means so that it might be isolated from the steam which emits the 
reflected flux of light which carries out incidence to this mirror from said liquid. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates especially to the aligner of an immersion type about the aligner which bakes the pattern 

drawn on the reticle on a wafer according to projection optics. 

[0002] 

Pescription of the Prior Art] Although spacing between the last lens side of optical system and the image surface was called working 
distance, the working distance of the projection optics of the conventional aligner was filled with air. As for this working distance, it 
was common to have taken 1 0mm or more on account of making automatic focus optical system intervene etc. On the other hand, the 
detailed-ization is desired increasingly and it is necessary to attain short wavelength-ization of exposure wavelength for that purpose, 
or to aim at increase of numerical aperture about the pattern imprinted to a wafer. However, since there is a limit in the class of glass 
ingredient which penetrates the light of short wavelength, the aligner of the immersion type which attains detailed-ization of an 
exposure pattern is proposed by filling working distance with a liquid and aiming at increase of numerical aperture. 
[0003] In the aligner of an immersion type, there is a possibility that distribution may arise in a refractive index according to the 
temperature distribution of the liquid made to be placed between working distances. Then, the following techniques are proposed as a 
cure to degradation of the image formation engine performance resulting from the temperature change of a liquid. That is, the 
technique indicated by drawing 3 of a U.S. Pat. No. 4,346,164 number is proposed according to the temperature stability device of a 
liquid (**) as what attains stabilization of temperature, and the technique indicated by JP,6- 124873,A is proposed as what attains 
equalization of temperature by the excitation agitator style. Moreover, measuring temperature or a refractive index to JP,6- 124873, A 
similarly as what is fed back to temperature control according to the temperature monitor device of a liquid (being) is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However (**), if it sets and how many temperature is stabilized, as shown below in fact, 
the temperature control in the precision which is hard to be referred to as realistic is needed [ the argument referred to as whether it is 
satisfactory practically is not accomplished, but ]. moreover ~ (-- it is ») - ******** - if it takes into consideration that the 
temperature ununiformity of a liquid influences the image formation engine performance most, it will be hard to call it an effective 
cure. Thus, it was in the situation which cannot be conventionally referred to as that there is no example which mentioned the 
constraint about the optical parameter of projection optics like working distance itself in the well-known technique about an 
immersion photolithography system, and the special conditions of an immersion type are taken into consideration. Therefore, this 
invention makes easy temperature control of the liquid which fills working distance, and makes it a technical problem to offer the 
immersion photolithography system which does not cause degradation of the image formation engine performance. 
[0005] 

[Means for Solving the Problem] It is made in order that this invention may solve the above-mentioned technical problem. It has the 
projection optics which carries out the printing imprint of the pattern drawn on the reticle on a wafer. In the immersion 
photolithography system which filled at least the part of the working distances between the lens sides and wafers which approached 
the wafer of this projection optics most with the liquid which penetrates exposure light When the die length of working distance is set 
to L, wavelength of exposure light is set to lambda and the temperature coefficient of the refractive index of a liquid is set to N (1- 
/degree C), it is L<=lambda/(0.3x|N|). 

It is the immersion photolithography system characterized by forming so that it may become, and it is the immersion photolithography 
system characterized by using what added the additive which decreases the surface tension of pure water or increases whenever 
[ surface activity / of pure water ] as said liquid to pure water. 

[0006] An operation of this invention is explained below. If set the distance from the glass side at the tip of projection optics to an 
image formation side, i.e., working distance, to L, width of face of the temperature distribution of the medium which fills working 
distance L is set to deltaT, aberration of the image formation wave front resulting from this temperature-distribution deltaT is set to 
deltaF and the temperature coefficient of the refractive index of a liquid is set to N, the following formulas (1) will be materialized in 
approximation. 
deltaF=Lx|N|xde!taT....(I) 

[0007] About temperature-distribution deltaT of a medium, in order to attain the equalization, it controls how and a way is assumed 
that about [ deltaT=0.01 degree C ] temperature distribution exist. Therefore, image formation wave aberration deltaF is 
deltaF=Lx|N|xO.0 1 at least (la) 

**** exists. N is the value which expressed the temperature coefficient of a refractive index with the 1/degree-C unit here. 
[0008] The values of the temperature coefficient N of a refractive index differ greatly with a liquid and a gas, for example, with air, to 
being N=-9xl0-7/degree C, in the case of water, it is N=-8xl0-5/degree C, and it has an about 100 times as many difference as this. 
On the other hand, although the working distance L of the projection optics of a contraction projection aligner is usually L> 10mm, 
though it is L= 1 0mm, image formation wave aberration deltaF of the working distance is as follows. 

Air: deltaF- 10mmx|-9xl0-7/degree-C|x0.01 degree C = 0.09nm Water : deltaF=10mmx|-8xl0-5/degree-C|x0.01 degree C = 8.0nm 
[0009] However, generally, 1/30 or less [ of the exposure wavelength lambda ] is desirable, namely, image formation wave aberration 
deltaF is delta F<=lambda / 30. .... (2) 

******(ing) is desirable. For example, deltaF<6.4nm is desirable when using an ArF excimer laser with a wavelength of 193nm as an 
exposure light. When the medium which fills working distance is water, by L> 10mm, it turns out like the conventional technique that 
the yield of the image formation wave aberration according [ working distance L ] to the temperature distribution of a medium is too 
large, and a problem is produced practically. 
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[0010] (la) From a formula and (2) types to L<=lambda/(0.3x|N|) .... (3) 

****** Therefore, by filling (3) types, the immersion photolithography system which carried the projection optics by which the wave 
aberration yield produced according to the temperature distribution in an immersion liquid on the basis of realizable temperature 
stability (temperature distribution) was stopped by 1/30 or less [ of exposure wavelength ] is obtained. The amount of wave aberration 
generated because exposure light passes through the inside of the medium which had temperature distribution in this invention is 
easing the demand to temperature distribution by preparing the optical path length an upper limit as mentioned above paying attention 
to being dependent on the product of the optical path length in the amount of temperature distributions, and a medium. Practical use 
can be presented with an immersion photolithography system under the temperature control of the immersion liquid in level realizable 
by this. 
[0011] 

[Embodiment of the Invention] Some suitable examples for this invention are explained below. 
[0012] 

[Explanation of the 1st example] Drawing 1 shows the whole projection aligner configuration by the 1st example of this invention, and 
it shows the projection aligner of the lens scanning method which carries out the relative scan of Reticle R and the wafer W to 
projection lens system PL here, projecting the circuit pattern on Reticle R on the semi-conductor wafer W through contraction 
projection lens-system PL which has the circular image field constituted by the tele cent rucksack in the both sides by the side of a 
body and an image. The ArF excimer laser to which an illumination system 1 0 emits pulsed light with a wavelength of 1 93nm in 
drawing 1 (un-illustrating), The beam expander which operates the cross-section configuration of the pulsed light from the light source 
orthopedically (un-illustrating), Optical integrators, such as a fly eye lens which carries out incidence of the pulsed light operated 
orthopedically, and generates secondary light source images (assembly of two or more point light sources) (un-illustrating), The 
condenser lens system which makes pulsed light from the secondary light source image the pulse illumination light of uniform 
illumination distribution (un-illustrating), the reticle blind (a lighting field diaphragm --) which operates the configuration of the pulse 
illumination light orthopedically in the shape of [ long ] a rectangle in the direction (the direction of X) which intersected 
perpendicularly with the scanning direction at the time of scan exposure (the direction of Y) The relay optical system (un-illustrating) 
for collaborating with the condenser-lens system 12 in drawing 1 and a mirror 14, and carrying out image formation of the pulsed light 
IL from opening of the shape of un-illustrating and a rectangle of the reticle blind as a lighting field AI of the shape of the shape of a 
slit and a rectangle on Reticle R is included. 

[0013] At the time of scan exposure, vacuum adsorption (depending on the case, they are electrostatic adsorption and machine 
conclusion) of the reticle R is carried out in the direction of one dimension on the movable uniform reticle stage 1 6 by big stroke. In 
drawing 1 , a reticle stage 16 is guided so that scanning migration of the column structure 19 top of the body of equipment may be 
carried out at the right and left in drawing (the direction of Y), and it is guided so that it may move also in the direction (the direction 
of X) perpendicular to the space of drawing. The coordinate location and minute rotation in XY flat surface of the reticle stage 16 
project a laser beam on the migration mirror (a plane mirror and corner mirror) MRr attached in a part of reticle stage 16, and are 
serially measured by the laser interferometer system 17 which receives the reflective beam. And the reticle stage controller 20 controls 
the motors 1 8, such as a linear motor for driving a reticle stage 1 6 based on XY coordinate location measured by interferometer 
systems 1 7, and a voice coil, and controls migration of the scanning direction of a reticle stage 16, and migration of the non-scanning 
direction. 

[0014] Now, if the rectangle-like pulse illumination light IL injected from the condenser-lens system 12 and the mirror 14 irradiates a 
part of circuit pattern space on Reticle R, the image formation flux of light from the pattern which exists in the lighting field AI will let 
1/4 time as many contraction projection lens system PL as this pass, and image formation projection will be carried out at the sensitive 
resist layer applied to the front face of Wafer W. The optical axis AX of the projection lens system PL passes along the central point of 
the circular image field, and it is arranged so that it may become the same axle also to each optical axis of an illumination system 10 
and the condenser-lens system 12. Moreover, projection lens system PL consists of lens elements of two or more sheets made from 
two kinds of** material, a quartz and a fluorite, which has high permeability to ultraviolet rays with a wavelength of 193nm, and a 
fluorite is used for the lens element which mainly has forward power. The interior of the lens-barrel which furthermore fixes the lens 
element of two or more sheets of projection lens system PL is permuted by nitrogen gas, in order to avoid absorption by the oxygen of 
the pulse illumination light with a wavelength of 193nm. The permutation by such nitrogen gas is similarly performed to the optical 
path from the interior of an illumination system 10 to the condenser-lens system 12 (or mirror 14). 

[0015] By the way, Wafer W is held on the holder table WH which adsorbs the rear face. Wall LB is formed in the whole periphery 
section of this holder table WH in fixed height, and Liquid LQ is filled with the predetermined depth inside this wall LB. And vacuum 
adsorption of the wafer W is carried out at the hollow part of the inner pars basilaris ossis occipitalis of the holder table WH. 
Moreover, the annular auxiliary plate section HRS which encloses the periphery of Wafer W by predetermined width of face is formed 
around the inner pars basilaris ossis occipitalis of the holder table WH. It is determined that the height of the front face of this auxiliary 
plate section HRS is mostly in agreement with the height of the front face of the standard wafer W which adsorbed on the holder table 
WH. 

[0016] The main functions of this auxiliary plate section HRS are used as a focal detection side of an alternative of a case so that the 
detecting point of a focal leveling sensor may be located in the outside of the appearance edge of Wafer W. Moreover, the auxiliary 
plate section HRS can be used also [ calibration / the calibration of the alignment sensor used when carrying out alignment of the shot 
field on Wafer W, and the circuit pattern on Reticle R relatively, and / of the focal leveling sensor used when carrying out scan 
exposure of the shot field ]. However, it is more desirable to use for the calibration of an alignment sensor or a focal leveling sensor 
the reference mark plate of the dedication established according to the auxiliary plate section HRS and an individual. In this case, it 
will be attached on the holder table WH so that a reference mark plate may also become the almost same height as the projection 
image side of projection lens system PL in the state of immersion, and an alignment sensor will detect various kinds of reference 
marks formed on the reference mark plate in the state of immersion. In addition, an example of the approach of carrying out the 
calibration of the system offset of a focal sensor using the reference mark plate on a table is indicated by for example, the U.S. Pat. 
No. 4,650,983 number, and an example of the calibration approach of various alignment sensors is indicated by for example, the U.S. 
Pat. No. 5,243,195 number. 

[001 7] By the way, since the point of projection lens system PL is soaked in Liquid LQ in this example as shown in drawing 1 , the 
point at least has the structure where it is waterproofed and a liquid does not sink in in a lens-barrel. Furthermore, the inferior surface 
of tongue (opposed face with Wafer W) of the lens element at the tip of projection lens system PL is processed into a flat surface or a 
convex with very large radius of curvature, and, thereby, can make smooth flow of the liquid LQ produced between the inferior 
surface of tongue of a lens element, and the front face of Wafer W at the time of scan exposure. Furthermore, by this example, 
although explained to a detail later, the best image formation side (reticle conjugation side) of projection lens system PL in an 
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immersion condition is designed so that it may be formed in the location of about 2- 1mm from the inferior surface of tongue of the 
lens element at a tip. Therefore, while the thickness of the liquid layer formed between the inferior surface of tongue of the lens 
element at a tip and the front face of Wafer W is also set to about 2- 1mm and the control precision of the temperature control of Liquid 
LQ is eased by this, it becomes possible to also suppress generating of the temperature-distribution nonuniformity in the liquid layer. 
[0018] Now, the holder table WH is attached on X-Y stage 34 so that the advancing-side-by-side migration (it moves slightly with 
rough migration in this example) to the Z direction in alignment with the optical axis AX of projection lens system PL and inclination 
jogging to XY flat surface perpendicular to an optical axis AX may be possible. This X-Y stage 34 carries out two-dimensional 
migration of the base surface plate 30 top in the XY direction, and the holder table WH is attached through three actuators 32A, 32B, 
and 32C for Z directions on X-Y stage 34. Each actuator 32A, and B and C consist of combination devices of a piezo flexible 
component, a voice coil motor, a DC motor, and a lift cam etc. And if only the same amount makes a Z direction drive three Z 
actuators, parallel translation of the holder table WH can be carried out to a Z direction (the direction of a focus), and if only a 
mutually different amount makes a Z direction drive three Z actuators, the inclination (tilt) direction and amount of the holder table 
WH can be adjusted. 

[0019] Moreover, two-dimensional migration of X-Y stage 34 is performed by the drive motor 36 which consists of linear motors 
which make the DC motor made to rotate a delivery screw and non-contact generate a thrust. Control of this drive motor 36 is 
performed by the wafer stage controller 35 which inputs the measurement coordinate location from the laser interferometer 33 which 
measures each location change of the direction of X of the reflector of the migration mirror MRw fixed to the edge of the holder table 
WH, and the direction of Y. In addition, as a whole X-Y stage 34 configuration which used the drive motor 36 as the linear motor, the 
configuration indicated by JP, 8-233 964, A, for example may be used. 

[0020] Now, in this example, since the working distance of projection lens system PL is small and Liquid LQ is filled in narrow 
spacing of about 2- 1mm between the lens element at the tip of the projection lens PL, and Wafer W, it is difficult to project aslant on 
the wafer side corresponding to the projection visual field of projection lens system PL the floodlighting beam of the focal sensor of an 
oblique incidence light method. For this reason, in this example, the focal alignment sensor FAD containing the focal leveling 
detection system of an off-axis method (method which does not have a point detecting [ focal ] into the projection visual field of 
projection lens system PL), and the mark detection system which detects the mark for the alignment on Wafer W by the off-axis 
method is arranged on the outskirts of the lower limit section of the lens-barrel of projection lens system PL as shown in drawing 1 . 
[0021] The inferior surface of tongue of the optical elements (a lens, a glass plate, prism, etc.) attached at the tip of this focal 
alignment sensor FAD is arranged in Liquid LQ, as shown in drawing 1 , and from that optical element, the lighting beam for 
alignment and the beam for focal detection are irradiated on the front face of Wafer W (or auxiliary plate section HRS) through Liquid 
LQ. And a focal leveling detection system outputs the focal signal Sf corresponding to the position error over the best image formation 
side of the front face of Wafer W, and a mark detection system analyzes the photoelectrical signal corresponding to the optical 
description of the mark on Wafer W, and outputs the alignment signal Sa showing XY location or the amount of location gaps of a 
mark. 

[0022] And the above focal signal Sf and alignment signal Sa are sent out to a master controller 40, and a master controller 40 sends 
out the information for driving three each of Z actuator 32A, and B and C the optimal based on the focal signal Sf to the wafer stage 
controller 35. The wafer stage controller 35 controls Z actuator each 32A, and B and C by this so that the focal adjustment and tilt 
adjustment to the field which should be projected on the actual condition on Wafer W are performed. 
[0023] Moreover, a master controller 40 manages the coordinate location of X-Y stage 34 for adjusting the relative physical 
relationship of Reticle R and Wafer W based on the alignment signal Sa, Furthermore, in case a master controller 40 carries out scan 
exposure of each shot field on Wafer W, as Reticle R and Wafer W carry out uniform migration with an equal velocity ratio with the 
projection scale factor of projection lens system PL in the direction of Y, it carries out the synchronousr control of the reticle stage 
controller 20 and the wafer stage controller 35. 

[0024] In addition, the focal alignment sensor FAD in drawing 1 is good to prepare in the direction of Y at two places, and to prepare 
in the direction of X on both sides of the point of projection lens system PL, at two places [ a total of four ], although only one place of 
the point circumference of projection lens system PL is prepared. Moreover, the mark for alignment formed in the periphery of Reticle 
R and the mark for the alignment on Wafer W (or reference mark on a reference mark plate) are detected to coincidence through 
projection lens system PL, and the alignment sensor 45 of the TTR (SURUZA reticle) method which measures the location gap with 
Reticle R and Wafer W with high precision is formed above the reticle R in drawing 1 . And the location gap measurement signal from 
this TTR alignment sensor 45 is sent out to a master controller 40, and is used for positioning of a reticle stage 16 or X-Y stage 34. 
[0025] By the way, although the aligner of drawing 1 makes the uniform migration of X-Y stage 34 carry out in the direction of Y and 
performs scan exposure, it explains the reticle R at the time of the scan exposure, and the schedule of scanning migration of Wafer W 
and step migration with reference to drawing 2 . In drawing 2 , projection lens system PL in drawing 1 is typically expressed with the 
pre-group lens system LGa and the rear group lens system LGb, and the exit pupil Ep of projection lens system PL exists between the 
pre-group lens system LGa and rear group lens system LGb. Moreover, circuit pattern space Pa which has bigger diagonal length than 
the diameter dimension of the circular image field by the side of the body of projection lens system PL in the reticle R shown in 
drawing 2 is formed in the inside divided with the protection-from-light band SB. 

[0026] And scan exposure of the field Pa on Reticle R is carried out in Reticle R to the shot field SAa to which it corresponded on 
Wafer W by making the scanning migration of the wafer W carry out in the forward direction in alignment with a Y-axis with constant 
speed Vw, making scanning migration carry out in the negative direction in alignment with a Y-axis with constant speed Vr. At this 
time, the field AI of the pulse illumination light IL which illuminates Reticle R is set up the shape of the parallel shape of a slit, and a 
rectangle extended in the direction of X in the field Pa on a reticle, as shown in drawing 2 , and the both ends of that direction of X are 
located on the protection-from-light band SB. 

[0027] Now, image formation of the partial pattern contained to the pulsed light lighting field AI in the field Pa on Reticle R is carried 
out to the location where it corresponded in the shot field SAa on Wafer W by projection lens system PL (lens systems LGa and LGb) 
as an image SI. And completion of a relative scan with pattern space Pa on Reticle R and the shot field SAa on Wafer W carries out 
step migration only of the constant rate in the direction of Y so that Wafer W may come to the scan starting position to the shot field 
SAb of the next door of the shot field SAa. The exposure of the pulse illumination light IL is interrupted during this step migration. 
Next, the pattern image of an electronic circuitry is formed on the shot field SAb by moving Wafer W in the negative direction of a Y- 
axis with constant speed Vw to a projection image SI, moving Reticle R in the forward direction of a Y-axis with constant speed Vr to 
the pulsed light lighting field AI so that scan exposure of the image of the pattern in the field Pa of Reticle R may be carried out to the 
shot field SAb on Wafer W. In addition, a technical example which uses the pulsed light from an excimer laser for scan exposure is 
indicated by for example, the U.S. Pat. No. 4,924,257 number. 

[0028] By the way, if drawing 1 and the projection aligner shown in 2 change the configuration and magnitude of opening of a reticle 
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blind within an illumination system 10 and the configuration of the lighting field AI is doubled with the circuit pattern space when the 
diagonal length of the circuit pattern space on Reticle R is smaller than the diameter of the circular image field of projection lens 
system PL, the equipment of drawing 1 can be used for it as a stepper of a step-and-repeat method. In this case, while exposing the 
shot field on Wafer W, the reticle stage 16 and X-Y stage 34 are relatively made into the quiescent state. However, what is necessary 
is just to carry out jogging control of the reticle stage 16 so that the jogging may be measured by the laser interferometer system 33 
and flattery amendment of the part for the location gap with minute Wafer W to projection lens system PL may be carried out by 
Reticle R side when Wafer W moves slightly during the exposure. Moreover, when changing the configuration and magnitude of 
opening of a reticle blind, a zoom lens system which is centralized on the range corresponding to opening after adjusting the pulsed 
light from the light source which reaches a reticle blind to compensate for modification of an opening configuration or size may be 
prepared. 

[0029] In addition, to the hand of cut of scan exposure of the circumference of a Y-axis, i.e., the direction, since the field of a 
projection image SI is set up the shape of the shape of a slit, and a rectangle prolonged in the direction of X so that clearly from 
drawing 2 , tilt adjustment under scan exposure is chiefly performed only in the rolling direction by this example. Of course, the width 
of face of the scanning direction of the field of a projection image SI is large, and if it is ******, when there is nothing in 
consideration of the effect of the flatness about the scanning direction on the front face of a wafer, naturally tilt adjustment of the hand 
of cut of the circumference of the X-axis, i.e., the pitching direction, is also performed during scan exposure. 

[0030] Here, the condition of the liquid LQ in the holder table WH which is the description of the aligner by this example is explained 
with reference to drawing 3 . Drawing 3 expresses the partial cross section from the point of projection lens system PL to the holder 
table WH. The convex positive lens component LE 1 is being fixed [ the inferior surface of tongue Pe ] at the tip in the lens-barrel of 
projection lens system PL for the top face at the flat surface. The inferior surface of tongue Pe of this lens element LEI is processed so 
that it may become the end face of the point of lens-barrel hardware, and the same field (flash plate surface processing), and it is 
suppressing that the flow of Liquid LQ is confused. Beveling processing is carried out with big curvature like drawing 3 , and the 
periphery comer 1 14 furthermore soaked in Liquid LQ by the lens-barrel point of projection lens system PL makes resistance to the 
flow of Liquid LQ small, and suppresses generating and the turbulent flow of an unnecessary eddy. Moreover, the adsorption side 1 13 
where the plurality which carries out vacuum adsorption of the rear face of Wafer W projected is formed in the center of the inner pars 
basilaris ossis occipitalis of the holder table WH, and it is **. This adsorption side 1 13 is specifically made from height of about 1mm 
as two or more zona-orbicularis-like lands formed in the direction of a path of Wafer W in the predetermined pitch concentric circular. 
And each of the slot engraved in the center of each zona-orbicularis-like land has led to the piping 1 1 2 connected to the source of a 
vacuum for vacuum adsorption inside Table WH. 

[0031] Now, in this example, as shown in drawing 3 , the spacing L in the best focus condition of the inferior surface of tongue Pe of 
lens element LEI at the tip of projection lens system PL and the front face of Wafer W (or auxiliary plate section HRS) is set as about 
2- 1mm. Therefore, the height of the wall LB set up to spacing L around the holder table WH that what is necessary is [ therefore ] just 
about 2 to 3 or more times of the depth Hq of the liquid LQ filled in the holder table WH is good at several mm - about 10mm. Thus, 
the spacing L as working distance of projection lens system PL is written very small, and there are also few total amounts of the liquid 
LQ filled in the holder table WH, it ends with this example, and temperature control also becomes easy. 

[0032] The liquid LQ used by this example here is easy to receive, and handling uses easy pure water. However, at this example, while 
decreasing the surface tension of Liquid LQ, in order to increase the surface activity force, the additive (liquid) of the aliphatic series 
system which is not made to dissolve the resist layer of Wafer W, and can disregard the effect to the optical coat of the inferior surface 
of tongue Pe of a lens element is added at few rate. The methyl alcohol which has a refractive index almost equal to pure water as the 
additive is desirable. If it does in this way, even if the methyl alcohol component in pure water evaporates and content concentration 
changes, the advantage that refractive-index change as the whole liquid LQ can be made very small will be acquired. 
[0033] Now, although the temperature of Liquid LQ is controlled by fixed precision to a certain target temperature, a current 
comparison precision which can carry out temperature control easily is about **0.01 degrees C. Then, the realistic immersion 
projection under such a temperature control precision is considered, general - the temperature coefficient Na of the refractive index of 
air — about -9x 1 0-7/degree C — it is — the temperature coefficient Nq of the refractive index of water - about — it is -8xl0-5/degree C, 
and the temperature coefficient Nq of the refractive index of water is larger about double figures. On the other hand, when working 
distance is set to L, amount of wave aberration deltaF of the image formation which originates in amount [ of temperature changes 
(temperature .unevenness) ] deltaT of the medium which fills working distance L, and is produced is expressed with a degree type in 
approximation. 

deltaF=Land|N]-deltaT [0034] Here, in the usual projection exposure which does not apply immersion projection, amount of wave 
aberration deltaFair when making 10mm and temperature variation deltaT into 0.01 degrees C is as follows about working distance L. 
deltaFair=Land|Na|-delta - amount of wave aberration deltaFlq obtained under the working distance L with T**0.09nm same again 
and temperature variation deltaT when immersion projection is applied is as follows. 

deltaFIq=L, |Nq|, and deltaT* *8nm [003 5] The greatest amount of wave aberration deltaFmax by which this amount of wave aberration 
is generally permitted 1/30 of the operating wavelength lambda or 1 / when ArF excimer laser is used since 50 to about 1/100 is made 
desirable is set to lambda/30, lambda / about 50 to lambda/100 6.43, or 3.86-1. 93nm, and is desirably set to lambda/100 of 1.93nm or 
less. By the way, each thermal conductivity in 0 degree C of air and water serves as 0.0241 W/mK with air, and it becomes 0.561 
W/mK with water, and water of heat conduction is better, it can do smaller than it in air, and the temperature unevenness within the 
optical path formed underwater can also make small fluctuation of the refractive index generated in a liquid as a result. However, as 
expressed to the formula (3), when working distance L is about 10mm, even if temperature variation deltaT is 0.01 degrees C, amount 
of wave aberration deltaFlq to generate will exceed amount of permissible aberration deltaFmax greatly. 

[0036] Then, the relation of the temperature variation deltaT and working distance L in consideration of amount of permission wave 
aberration deltaFmax is set to deltaFmax=lambda/30>=L-|Nq|-deltaT, or delta Fmax=lambda / 100 >=L, |Nq| and deltaT from the 
above consideration. Here, if temperature variation deltaT assumed is made into 0.01 degrees C and 193nm and refractive- index 
variation Nq of Liquid LQ are made into -8xl0-5/degree C for wavelength lambda, the working distance (thickness of a liquid layer) L 
needed will be set to 8mm or 2.4mm or less. It is better to make the working distance L smaller than 2mm desirably within limits to 
which Liquid LQ flows smoothly. While the temperature control of Liquid LQ becomes easy by constituting like this example as 
mentioned above, degradation of the projection image produced in the wave aberration change resulting from the temperature change 
in a liquid layer is suppressed, and it becomes possible to carry out projection exposure of the pattern of Reticle R by very high 
resolving power. 
[0037] 

[Explanation of the 2nd example] Next, the 2nd example of this invention is explained with reference to drawing 4 . This example 
shows the temperature control method of the applicable liquid LQ, and operating of the liquid LQ at the time of exchange of Wafer W 
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also like the 1 st previous example. Therefore, the same sign is attached to previous drawing 1 and the same thing as the member in 
three in drawing 4 . Now, two or more adsorption sides 1 13 are formed in the wafer installation section formed in the inner pars 
basilaris ossis occipitalis of the holder table WH as a circular crevice in drawing 4 . And the slot 5 1 used for supply and discharge of 
Liquid LQ is formed around the circular wafer installation section annularly, and a part of the slot 5 1 is connected with the external 
pipe 53 through the path 52 formed in Table WH. Moreover, the heat regulators 50A and 50B, such as a Peltier device, are embedded 
directly under [ of the wafer installation section in the holder table WH ], and directly under the auxiliary plate section HRS, a thermo 
sensor 55 is attached in the suitable location on the holder table WH (desirably two or more places), and the temperature of Liquid LQ 
is detected by the precision. And heat regulators 50A and 50B are controlled by the controller 60 so that the temperature of the liquid 
LQ detected by the thermo sensor 55 becomes constant value. 

[0038] On the other hand, the pipe 53 is connected to the liquid supply unit 64 and the eductor pump 66 through the change bulb 62. 
The change bulb 62 answers a command from a controller 60, and it operates so that the passage which supplies the liquid LQ from 
the liquid supply unit 64 to a pipe 53, and the passage which returns the liquid LQ from a pipe 53 to the supply unit 64 through an 
eductor pump 66 may be changed. Moreover, in the supply unit 64, thermoregulator 64B which maintains at fixed temperature whole 
liquid LQ in a tank including pump 64A which supplies Liquid LQ, and its pump 64A from the reserve tank (un-illustrating) which 
can hold the whole liquid LQ on the holder table WH, and this tank is prepared. Furthermore in the above configuration, each 
actuation of a bulb 62, pump 64A, thermoregulator 64B, and an eductor pump 66 is controlled by the controller 60 in generalization. 
[0039] Now, in such a configuration, if Wafer W is laid on two or more adsorption sides 1 1 3 in the condition, PURIARAIMENTO 
[ conveyed and ] on the installation section of the holder table WH, reduced pressure immobilization will be carried out through the 
piping 1 12 for vacuum adsorption shown in drawing 3 . In the meantime, it is being continued by controlling heat regulators 5 OA and 
5 0B the temperature used as a target. And if vacuum adsorption of Wafer W is completed, the change bulb 62 will change from a 
closing location to the supply unit 64 side, the liquid LQ by which the temperature control was carried out will be poured in only for a 
constant rate inside the wall LB of the holder table WH through a pipe 53, a path 52, and a slot 51 by actuation of pump 64A, and the 
change bulb 62 will return to a closing location. Then, shortly after the exposure to Wafer W is completed, the change bulb 62 changes 
from a closing location to an eductor pump 66 side, and is returned in the reserve tank of the supply unit 64 through the liquid LQ fang 
furrow 5 1 on Table WH, and a pipe 53 by actuation of an eductor pump 66. Based on the detecting signal from the thermo sensor in a 
reserve tank, temperature control of it is carried out to a precision by thermoregulator 64B until the liquid LQ returned in the tank can 
prepare the following wafer. 

[0040] Thus, since according to this example temperature control of the liquid LQ under immersion exposure was carried out, Liquids 
LQ are collected in the supply unit 64 and it was made to carry out temperature control during wafer exchange actuation with the heat 
regulators 50A and 50B in the holder table WH, while wafer exchange is attained in atmospheric air, there is an advantage referred to 
as being able to prevent the big temperature change of Liquid LQ. the liquid LQ which is furthermore poured into the holder table WH 
after wafer exchange according to this example - even if - laying temperature - receiving — being small (for example, about 0.5 
degrees C) - though it differs, since the depth Hq (refer to drawing 3 ) of a liquid layer is shallow generally and laying temperature 
may be reached comparatively early, the time amount which waits for temperature stability may also be shortened. 
[0041] 

[Explanation of the 3rd example] Next, the 3rd example is explained with reference to drawing 5 . Drawing 5 expresses the partial 
cross section of the holder table WH which improved the configuration of previous drawing 3 , the holder table WH of this example 
has separated on the wafer chuck 90 holding Wafer W, and the ZL stage 82 which performs the Z direction migration and tilt 
migration for focal leveling, and the wafer chuck 90 is laid on the ZL stage 82. And the ZL stage 82 is formed on X-Y stage 34 
through three Z actuators 32A and 32C (32B omits). And the paths 53 A and 53B connected to Wall LB, the auxiliary plate section 
HRS, the piping 1 12 for vacuum adsorption, supply of Liquid LQ, and the pipe 53 (refer to drawing 4 ) for discharge are formed in the 
chuck 90 like drawing 1 , and 3 and 4, respectively. However, path 53 A is connected with the circumference part of the auxiliary plate 
section HRS of the wafer chuck 90 interior, and path 53B is connected with the lowest part of the wafer installation section of the pars 
basilaris ossis occipitalis in the wafer chuck 90. Thus, formation of the path for liquid discharge and the impregnation in the wafer 
chuck 90 to two or more places performs receipts and payments of a liquid quickly. 

[0042] Furthermore, by this example, three through tubes (two are illustrated) 91 are formed in the center section of a chuck 90, and 
three pin center,large rise pins (two are illustrated) 83 which move up and down through this through tube 91 are formed on the 
vertical-movement drive 85. Besides, the downward moving drive 85 is fixed to an X-Y stage 34 side. The three pin center,large rise 
pins 83 are for only a constant rate lifting the wafer W on a chuck 90 from an installation side at the time of wafer exchange, or taking 
down Wafer W on an installation side, and where vacuum adsorption of the wafer W is carried out in the installation side of a chuck 
90, as shown in drawing 5 , the apical surface of the pin center,large rise pin 83 is set as the location which fell rather than the 
installation side of a chuck 90. 

[0043] On the other hand, it is constituted by the point of projection lens system PL used by this example so that parallel monotonous 
CG of the quartz fixed to the optical axis AX and the perpendicular may be attached at the tip of the sub lens-barrel 80, therefore lens 
element LEI (plano-convex lens) at a tip may not be soaked in Liquid LQ. In this example, spacing of the inferior surface of tongue of 
this parallel monotonous CG and the front face of Wafer W serves as working distance on appearance, and is set as 2mm or less like a 
previous example. Moreover, the anchoring side with parallel monotonous CG of the sub lens-barrel 80 is waterproofed, and the 
interior of the sub lens-barrel 80 is filled up with nitrogen gas. 

[0044] Thus, if parallel monotonous CG is prepared at the tip of projection lens system PL, even if a substantial back focus distance 
(distance from the optical element at a tip with refractive power to the image surface) of projection lens system PL is about 10- 15mm, 
the immersion projection which working distance L was easily set [ projection ] to about l-2mm, and reduced the effect of the 
temperature change of a liquid is realizable. Moreover, since parallel monotonous CG can be prepared by post-installation, it becomes 
possible [ correcting easily the local very small distortion aberration (or random distortion) produced within the projection image ] by 
grinding a part of front face of parallel monotonous CG to the 1 /several about order of wavelength. That is, parallel monotonous CG 
will combine the function as an aperture which protects the latest lens element of projection lens system PL from a liquid, and the 
function as a distortion corrector plate. In addition, since the image formation engine performance of projection lens system PL 
including parallel monotonous CG is guaranteed if another view is carried out, there is no change in parallel monotonous CG being the 
latest optical element of projection lens system PL. 
[0045] 

[Explanation of the 4th example] Next, the 4th example of this invention is explained with reference to drawin g 6 . This example is 
connected also with the example shown in previous drawing 5 , and is related with the wafer exchange at the time of using the 
projection optics which made working distance very small for the immersion projection exposing method. In drawing 6 , the reference 
mirror ML (the object for the directions of X and for the directions of Y) reflected in response to the beam BSr for reference from the 
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laser interferometer 33 shown in drawing 1 is being fixed to the lower limit section of the lens-barrel of projection lens system PL. 
And the beam BSm for length measurement from a laser interferometer 33 is projected by the migration mirror MRw fixed to the edge 
of the ZL stage 82 as shown in previous drawing 5 , the reflective beam interferes in a laser interferometer 33 with the reflective beam 
of return and the beam BSr for reference, and the coordinate location of the reflector of the migration mirror MRw, i.e., X of Wafer W, 
and the coordinate location of the direction of Y are measured on the basis of the reference mirror ML. Now, also in this example, the 
ZL stage 82 is attached on X-Y stage 34 through three Z actuators 32A and 32B (32C omits), and is movable in a Z direction and the 
direction of a tilt However, it is combined with X-Y stage 34 through flat springs 84A and 84B (84C omits) by three places of the 
circumference of it, and the ZL stage 82 is supported so that the rigidity of the horizontal direction (inside of XY side) to X-Y stage 34 
may become very large. 

[0046] And although the wafer chuck 90 as previous drawing 5 also with the same this example is formed on the ZL stage 82, a 
different point from drawing 5 is having made it the configuration which boils the wafer chuck 90 comparatively with the drives 88A 
and 88B of two or more Z directions, and moves to a Z direction to the ZL stage 82 by big stroke (about 10-15mm). unlike Z actuator 
32A for focal leveling, and B and C, these drives 88A and 88B move the wafer chuck 90 among the both ends of that stroke — 
sufficient - it is good at the easy elevation function using an air cylinder, a link mechanism, etc. Furthermore in the example of 
drawing 6 , it is fixed, without the pin center,large rise pin 83 shown in previous drawing 5 moving up and down on X-Y stage 34. 
And after the wafer chuck 90 has gone up most like drawing 6 , the front face of Wafer W was set as about l-2mm from the field of 
the optical element at the tip of projection lens system PL, and the apical surface of the pin center,large rise pin 83 has fallen to the 
down side (about 2-3mm) more slightly than the wafer installation side of the wafer chuck 90. 

[0047] With the above configurations, drawing 6 will discharge the liquid LQ on the wafer chuck 90 temporarily by discharge 
actuation of the liquid LQ shown in previous drawing 4 , if the condition at the time of the exposure actuation to Wafer W is expressed 
and the exposure actuation is completed. Then, if vacuum adsorption of the wafer chuck 90 is canceled, Drives 88A and 88B will be 
operated and the wafer chuck 90 will be brought down at the bottom from the location of drawing 6 . While Wafer W is again carried 
by this on three apical surfaces of the pin center,large rise pin 83, it is positioned so that the upper limit side of the wall LB of the 
wafer chuck 90 circumference may become lower than the apical surface (the inside of drawing 3 the inside of the inferior surface of 
tongue Pe of lens element LEI , and drawing 5 inferior surface of tongue of parallel monotonous CG) of projection lens system PL. If 
X-Y stage 34 is moved to a wafer exchange location in the condition, Wafer W will be pulled out from directly under [ of projection 
lens system PL ], and will move to the direction of the arm 95 for conveyance. It is in the condition set as height which becomes lower 
than the wafer W on the pin center,large rise pin 83 more highly than the upper limit side of the wall LB of the wafer chuck 90 at this 
time as for an arm 95, and enters into Wafer W bottom. And an arm 90 performs vacuum adsorption, lifting Wafer W slightly upward, 
and conveys Wafer W towards a predetermined unload location. Carrying in of Wafer W is performed completely contrary to the 
above sequence. 

[0048] By the way, since the pool of Liquid LQ spreads out directly under the optical path of a reference beam BSr in the case of a 
method with which a laser interferometer 33 projects a reference beam BSr on the reference mirror ML of projection lens system PL 
as shown in drawing 6 , it is possible to give fluctuation to the optical path of a reference beam BSr by rise of the saturated steam of 
the liquid LQ. So, in this example, the covering plate 87 is arranged between the optical path of a reference beam BSr, and Liquid LQ, 
and the fluctuation which intercepts the steamy style which goes up from Liquid LQ, and is generated in the optical path of a reference 
beam BSr is prevented. 

[0049] In addition, the up space of the covering plate 87 may be ventilated in the pure air by which temperature control was carried out 
in the direction which intersects an optical path, in order to make the optical path of a reference beam BSr stability more. In this case, 
the covering plate 87 will be equipped also with the function to prevent that the air for optical-path air-conditioning is sprayed on the 
direct liquid LQ, and can reduce unnecessary evaporation of Liquid LQ. Moreover, it may replace with the mere covering plate 87, 
and the whole optical path of a reference beam BSr may be made a wrap configuration with a windshield tube. 
[0050] 

[Explanation of the 5th example] Next, the 5th example of this invention is explained with reference to drawing 7 (A) and (B). This 
example combines the pin center,large rise device (a pin 83, Z mechanical component 85) shown in drawing 5 with the structure of the 
holder table WH shown in previous drawing 1 , and it improves the holder table WH so that wafer exchange may be simplified. And 
drawing 7 (B) expresses the flat surface of the improved holder table WH, and drawing 7 (A) expresses the cross section of 7A view in 
drawing 7 (B). The holder table WH is held through three Z actuators 32A and 32C (32B omits) on X-Y stage 34, and three through 
tubes 91 are formed near the center of the holder table WH so that the drawing 7 (A) and (B) may show. In this through tube 91, the 
pin centerjarge rise pin 83 which moves up and down by the mechanical component 85 passes. 

[0051] As explained also in advance, if the height of the lowest end face of projection lens system PL remains as it is, it is separated 
from the front face of the auxiliary plate section HRS (wafer W) only about 2mm. The upper limit of the wall LB furthermore 
prepared around the holder table WH is higher than the lowest end face of projection lens system PL. Therefore, when it constitutes so 
that X-Y stage 34 may be moved as it is for wafer exchange and a wafer may be pulled out from directly under [ of projection lens 
system PL ], a part of width of face of the auxiliary plate section HRS will enlarge content volume of the holder table WH on which 
the diameter dimension extent required next door of the lens-barrel of projection lens system PL and Liquid LQ are poured in. 
[0052] So, in this example, as shown in drawing 7 , a part of wall LB of the holder table WH was cut and lacked, and the fluid-tight 
door section DB which can be opened and closed freely there was formed. While Liquid LQ is poured in, this fluid-tight door section 
DB has always closed the notching section of Wall LB in the state of fluid-tight, as shown in drawing 7 (A) and (B), and if Liquid LQ 
is discharged from the holder table WH, it will open it like the broken line in drawing 7 (A). In the condition of having opened, the 
fluid-tight door section DB is set up so that it may become low a little rather than the height of the front face of the auxiliary plate 
section HRS. Moreover, O ring OLs (notching section of Wall LB etc.) who ensure fluid-tight nature like drawing 7 (B) are prepared 
in the proper location at a part for the wall by the side of the holder table WH body which touches the wall of the fluid-tight door 
section DB. 

[0053] In the above configurations, when exchanging the wafer on the holder table WH, after discharging the liquid LQ in the holder 
table WH first, the fluid-tight door section DB is opened. Then, when X-Y stage 34 is moved to right-hand side in drawing 7 , a wafer 
will be pulled out from directly under [ of projection lens system PL ]. Projection lens system PL is located in the headroom of the 
fluid-tight door section DB opened exactly at this time. And a wafer is easily exchangeable, if the pin center,large rise pin 83 is raised 
and a wafer is lifted more highly than Wall LB. 

[0054] There is an advantage temperature management of Liquid LQ not only becomes easy, but that become possible to make into 
min the diameter of the wall LB which encloses the perimeter of the holder table WH according to this example, become possible to 
stop the total amount of the liquid LQ filled in the holder table WH to the minimum, and the impregnation discharge time amount of 
Liquid LQ becomes min. In addition, although it is not necessary at the time of the configuration of said 4th example to prepare the 
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fluid-tight door section especially since a wafer chuck descends, in the configuration of the 4th example, the fluid-tight door section 

may be prepared still more. 

[0055] 

[Explanation of the 6th example] Next, drawing 8 shows the 6th example of this invention, and uses the lower container 7 and the up 
container 8 in this example. Wafer electrode-holder 3a which lays a wafer 3 is formed in the inside pars basilaris ossis occipitalis of 
the lower container 7, the top face of the lower container 7 is sealed by the base of the up container 8, and the complete product of the 
lower container 7 is completely filled by immersion liquid 7a. Immersion liquid 8a is filled by the another side up container 8, and last 
lens side la of projection optics 1 is dipped in the immersion liquid 8a. 

[0056] After being led to a thermoregulator 6 from the exhaust port 5 prepared in one side face of the lower container 7 and receiving 
temperature control in a thermoregulator 6, it circulates through a part of immersion liquid 7a in the lower container 7 so that it may 
return to the lower part [ inlet / 4 / which was established in the other side faces of the lower container 7 ] container 7. The thermo 
sensor (not shown) is attached in two or more [ in the lower container 7 ], and based on the output from a thermo sensor, the 
thermoregulator 6 is controlled so that the temperature of immersion liquid 7a in the lower container 7 becomes fixed. Moreover, the 
same temperature regulatory mechanism is prepared also about immersion liquid 8a in the up container 8. 

[0057] In this example, the wafer 3 is moved by moving the lower container 7 and the up container 8 as one. On the other hand, since 
the immersion liquid in the lower container which held the wafer 3 is sealed substantially, it is not only advantageous in respect of 
temperature stability, but it does not generate the pressure distribution by flow, such as an eddy in an immersion liquid, that is , 
although the pressure distribution in an immersion liquid serve as fluctuation of a refractive index and it become the factor of image 
formation wave aberration aggravation , that pressure distribution become a problem in this 6th example be only immersion liquid 8a 
filled by the up container 8 , and it can ease the effect of the immersion liquid flow of the time of wafer migration by forming the 
optical path L8 of this part short enough to the level which do not become a problem practically . 

[0058] In addition, although the lower container 7 and the up container 8 were moved as one in this example, only the lower container 
7 can be moved and the up container 8 can also be fixed. Immersion liquid 8a in the up container 8 will stop completely at the time of 
this configuration. Therefore, among working distances L, it is desirable to form thinly enough the thickness L7 of immersion liquid 
7a in the lower part [ thickness / L8 / of immersion liquid 8a in the up container 8 ] container 7. 
[0059] 

[Explanation of other modifications] As mentioned above, although each example of this invention was explained, as shown in 
previous drawing 1 , since the working distance at the time of immersion projection exposure is very as small as about l-2mm, the 
focus to Wafer W shall use the focal alignment sensor FAD of an off-axis method. However, the focal detection device of the TTL 
(SURUZA lens) method which projects the beam for focal detection on a wafer through the periphery within the projection visual field 
of projection lens system PL, and measures the height location or inclination on the front face of a wafer may be established as 
indicated by the U.S. Pat. No. 4,801,977 number, the U.S. Pat. No. 4,383,757 number, etc., for example. 

[0060] Moreover, although the focal alignment sensor FAD shown in drawing 1 shall detect the alignment mark on Wafer W optically 
by the off-axis method, it is good also as an alignment sensor of the TTL method which detects the mark on Wafer W other than the 
TTR alignment sensor 45 in drawing 1 to which this alignment sensor also detects the mark on Wafer W through Reticle R and 
projection lens system PL only through projection lens system PL. Furthermore, if it has the projection optics which carries out 
projection exposure under an ultraviolet-rays region (wavelength of 400nm or less), this invention can completely be similarly applied, 
even if it is the aligner of what kind of configuration. 
[0061] 

[Effect of the Invention] By this invention, the aligner of an immersion type with which image formation engine performance 
sufficient within the limits of a realizable temperature control was guaranteed was offered as mentioned above. Moreover, the 
structure of a wafer stage of having been suitable for loading and unloading of a wafer in an immersion photolithography system was 
also offered. 



[Translation done.] 
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* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the overall configuration of the scanning projection aligner by the 1st example of this invention. 
[Drawing 2] It is a perspective view for explaining the sequence of scan exposure typically. 

[Drawing 31 It is the fragmentary sectional view showing the detailed configuration near the projection lens system in drawing 1 . 
[Drawing 4] It is the block diagram showing typically the temperature control and the liquid distribution system of a liquid by the 2nd 
example of this invention. 

Prawing 5] It is the fragmentary sectional view showing the structure the wafer electrode holder by the 3rd example of this invention, 
and near a projection lens system. 

Prawing 6\ It is the fragmentary sectional view showing the structure the wafer electrode holder by the 4th example of this invention, 
and near a projection lens system. 

Prawing 7] They are the (A) sectional view showing the structure of the holder table by the 5th example of this invention, and the (B) 
top view. 

Prawing 8] It is the outline sectional view showing the important section of the 6th example of this invention, 
pescription of Notations] 

1 - Projection optical system 1 a — The last lens side 
7 Eight - Container 7a, 8a ~ Immersion liquid 

3 - Wafer 3a - Wafer electrode holder 

4 - Inlet 5 - Exhaust port 

6 - Temperature controller L — Working distance 

10 — Illumination system 12 - Condenser-lens system 

14 — Mirror 16 — Reticle stage 

1 7 — Laser interferometer system 1 8 - Motor 

1 9 — Column structure 20 — Reticle stage controller 

30 - Base surface plate 32A, 32B, 32C - Actuator 

33 — Laser interferometer system 34 - X-Y stage 

35 — Wafer stage controller 36 - Drive motor 

40 -- Master controller 50A, 50B - Heat regulator 

51 - Slot 51 52 -Path 

53 - Pipe 53A, 53B - Path 

55 — Thermo sensor 60 — Controller 

62 — Change bulb 64 - Liquid supply unit 

64A — Pump 64B - Thermoregulator 

66 — Drainage pump 66 80 - Sub lens-barrel 

82 — ZL stage 83 - Pin center,large rise pin 

84A, 84B - Flat spring 85 — Vertical-movement drive 

87 - Covering plate 88A, 88B - Drive 

90 - Wafer chuck 91 - Breakthrough 

95 -Arm 112- Piping 

1 13 - Adsorption side 1 14 - Periphery corner 

IL - Pulse illumination light A.I. Artificial Intelligence - Lighting field 
R - Reticle Pa - Circuit pattern space 

SB - Protection-from-light band PL — Projection lens system 

AX - Optical axis LGa - Pre-group lens system 

LGb - Rear group lens system Ep — Exit pupil 

LEI - Positive lens component Pe — Underside 

CG - Parallel plate W - Wafer 

SAa, SAb - Shot field SI - Projection image 

WH - Holder table LB - Wall 

LQ — Liquid HRS — Auxiliary plate section 

DB - Fluid-tight door section OL - O ring 

FAD — Focal alignment sensor 

MRr, MRw — Migration mirror ML — Reference mirror 

BSr - Beam for reference BSm - Beam for length measurement 

Sf — Focal signal Sa - Alignment signal 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi__ejje 8/1/2006 



JP,10-303114,A [DRAWINGS] 



Page 1 of 4 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




http://wv^4.ipdl.ncipi.gojp/cgi-bin/tran_web_^ 



8/1/2006 



JP, 10-303 11 4, A [DRAWINGS] 




[Drawing 3] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



JP,10-303114,A [DRAWINGS] 




112— 




WH 113 



[Drawing 51 




—PL 



W HRS LQ LB 




53B 



[Drawing 6] 



BSm 




-PL 



LQ W 



is 4— .4. 




[Drawing 7] 



http://www4.ipdLncipi.gojp/cgi-bin/tran_web__cgi_ejje 



JP, 1 0-303 1 14,A [DRAWINGS] 



Page 4 of 4 



CA) 




32A 65 




[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 8/1/2006 



3 



(19) H^aWfF/r ( J P) (12)4a|H Wr^<2^$B (a) (ll)4M?ffl*43tlH«* 

#1^10-303114 

(43)<&H§0 ^10^(1998)11^13 0 



CRI^Tnt CI 6 

\%J 1 / 111 L. \->± . 




F I 




HOI I 91 /097 




H01T 21/30 


515 D 


rn^tr 7 /9n 


591 




521 






H01I 21/^0 


518 








5feit* if 3fcilGDlfe:l2 FD (^:14H) 


(2i)m*#* 


WH^9- 121757 


(71) tUBI A 


000004112 










(22) tan b 


^9^(1997) 4^230 




M7£n=f- ftffl Escort 3TI2#3f 






(72)*l»# 










jKK|ifft;fflKAOrt3TI2t3t * 














(72) 36 91 # 


MIS ^ — 








JtORS^ftHESLOrt 3TI 2#3"5§- tfc 














(74)ftSA 





(54) [%w<o%m mmmmytmm 



(57) 

[Mi] &®.tem<r>'£fc*m< z. t©4:v«gi8*8 
(0. 3 X | N | ) t*5i5fc»J*bfei t*W®.t 




( 2 ) 

1 

ufc u yxi t atria ^31^ t <Dm<D y— 

SWBI7 — ^^V^©«SS:Li:U ttrlS»3t 
L&X/ (.0. 3X|N|) 10 

c 

t * t l u v Xffi t atria ? t <D m <D v — 

ftzmm-tzmw-x-mK. \^izmmm.m%mt\^\^x. 

z&mk-tzmWimmi/tmm,, 20 

[t**JS3] Buta!7 — =3e>^^^^^^(73fi^L^2 
Bo 

[13**4] stria u^^/wfc ^^^SritrfBSJK3t^«0 

tit, W**l, 2Xtt3E«<0««S«*SI«. 
[111**5] ftrfBK3t3ti: L.T*^«o**rffl^fc N IS 

**i, 2, 3X(4 4ia«<D^a®^7tiigo 
[1***6] flWEiSI**¥*ro*t>'>3i^«roft»3t¥ 

^n^SrflH*-*- s ttffi ©Tffis % atrial® t m-w-m 

JSLfc, 1***1, 2, 3. 4Xtt5fe«03«SS»* 
SIB, 

[it** 7] il9IB5fe*»*** J f-*» 3 l E fi 13 I E *-e*>5, If* 

* 6 ia«o«a^^3t^«o 

[1***8] HE!>i/NSr*^^f-^tJ:or«» 

r t frx-z 5i9 fcatna^^y-T 1 — ^/KDis^-jiJc^ 

as&fiRU itfia*:yK?'7 i -^rt{-ttria^tt:Sr#t^b 40 
J.oEi|Xtf#5<t 5in*#fft»*=s' h&Ktt, stria* 

SrRttfc, 1***1 ~7©v^*ta»i*lEf.<0«*S« 

[1***9] «WE*3^&»3:^*y*fcJ:o-C«i$ 
U tulE^#:(e:J;oT!7 — x#>x&mtc-f 

U ftIIB^3i^^-^s/^^*agLT^^< it 
3*£Ot°^%igt-t, WEfaL^SrSWE^^^-ry^© 



#i¥l 0-3031 14 
2 

mWsmW.&WL'Ottii-ftz. ft ** 1 ~ 7 <Di^-f 1 *IE 

[ilMiO] atffE!7^^£?^^y*i::«fcoT«: 
#U striatic J:oT!7-^i^x^ 
nt^t*l5J;5 l-atria^^-r y * <o±®*WSfc: 
«*5«riHRU ttrfB^^^-Y y * &Jt:iIL-C'>&< i: 
t 3*<£>f >£rRf-}\ £:nvv^ ^ CDHtrfa^SBCO Jiffi 

atria !7^^* ^K#i§fElti=gfi£r&>?tt-tf 

fc, f»** 1 ~ 7 <^i*;ft/&» 1 *fBffi©?£g®B3fcgi 
Bo 

[ 1***1 1] ■gmm&<a-$ift\z.mm£&t£Wt& kt 
Srig»bfc. i***i~i owvvfii^mfa*^* 

SS3t^B. 

[1***1 2] ftilBS^^*roftiJBi^^l+ffiro5 9 
-trS9Wt, ^5 7 — {cAMLTSW-rS^m^HtffH 

ft, s***i~i i<ov>-rtu^i*ia«cD^aR3ts 

Bo 

[OOOl] 

ztifcs<?— ^&iR&it!£-%i£X.<>X'}=z-'^mnrtz 
[0002] 

^--^^Tt^^^^-frS^ifOfP-g-i-J; "9, 10m 

*?>-x%&&xmtz\,xffla%i<Dm± : $:m 
%%immnznx^z> a 

[0 0 0 3] WLW:$l<vmytmmX*l3.. 9 — 

* >xizft&&*tttm&<owLg.ftft\££'2x. mffimz 
#mt i £.cz> * r x-m#(Dummuzm 

/ssg|g$tlrv^5 < , i-**?^. (*>) *fr«>ajE*3t« 

4, 3 4 6, 1 6 4^-©i3 WT^tlfcSW^^ 

^tioo, Mmmvmmizk^xu&vib— <b&mz>i> 

<Db LT> ^BS^pe- 1 2 4 8 7 3 ^St^M^^tbfc 



( 3 ) 



10-303114 



"C\ ^C<W6- 1 2 4 8 7 3%-4tn\CM&. Xti 
[0 0 0 4] 

l&Wi>m&:^£? t-tz>WkM] L-^u (fc) 

x 9 (0 X b &©S£3fc** <Dft^/< 9 * —9 — t CD t> 
[0 0 0 5] 

fdfi&iSj £ *xfc^ * - >- £ 0 ^^LlnjftttlE^i- 5 

S#.»£rN (l/"C) 
LSI/ (0. 3 x | N | ) 

: A F = 1 OmmX | 
= 0 . 0 9 n m 
tK : A F = 1 OmmX | 
= 8 . 0 n m 

[0 0 0 9] L^5(C-^IC^^EltXSAF(4, MX. 
fc&KD 1/3 0J^Tri s S;£ b< , "T^*?^, 
•••• (2) 

^^it-f^r LV\ 0iJ;itf&ft 1 9 3 nmOA 

AF<6. 4nm^M^LV\ 7 — V^x-f 

^*a«w<t b\ZV — * 
y?7 ! ^^y7Li:L>l0mmm ^Rco^^^- 

[0 0 10] (la) Si (2) iZtti^b. 
X/ (0. 3 X | N | ) • •• (3) 

Lfc^oT (3) S^SS/c-t-r tt^J; "9, 

ftftiz. £<?x±zz$LWt&mm±mm]t$im<D 1/3 



£ i-tX teiNfc* <£> # £ *i ^ £ -fr 5 Ssi D^FU £ MtK i~ 

[0 0 0 6] yT^lg^f^Srfft'^-rSo &U3fc* 
— 5-^97* j *9^x : &L bL, *r^9"?4 t-9 v 
10 ^AT^gH-r53i$^fficDitX«SrAFi:U. ?SfrcO 
(1) tfl&tL-tZ* 

A F = L X | N | X A T (1) 

[0 0 0 7] l&SfroM^-^&ATKo^Tte, ^rCD^J— 
fc£:H!5f::ft(CV , >ri4;:=' V b n— ;VLJ; ptli, AT = 
0. 0 lX;Wi&<DSA'frtttfftl£-f?>bm7££i%Z> 0 b 
tit^X, M«SEHX*AF« N '>^<irt>, 
AF = LX|N|X0. 01 (la) 

[0 0 0 8] B^^cofi.^#,mNcoffl:tt?S#:i:^i^T*^: 

* < k> , mz.i*&m.xteN=- 9x10 vtr-$) 

•5C0»C*|-bT, *©S^I3N = -8X10 VtT'fc 
<9, 1 0 0^i5V^^fe^ o flfc^, ^/J^j^®3tSie«0 

U mm 

-9X10 7 /"C I X 0 . 01t 
- 8 X 1 0 5 /°C I X 0 . Olt 

[0011] 
[0 0 12] 

50 1 9 3 nm<0/^^3tS:Jfe4*'t*5A r F^^i^^U— if 



( 4 ) 

5 

9) t4jtt57 7^ • T>f i/VX*Ot^f*MV 
iPfmm) , ^ CO 2 #5teaSffej&> b <Ds<?V* % 

atfrfft (Y*lft) tiS^Lfc*^ (X#IrJ) fc*V^JE» 

<£>^/v*3fc I LSrB 1 tiD^yTyf-i^yXI l 2, 
»«tOHBW«H*A I t LTft{Ht5fc6©!J ft^jR 
[0 0 13] u^A-Rtt, 3fe3E«3fc:«F^tt*#*^ h 

gl^37^iil*l 9 -LSrB^Ofe* (Y*lSl) 

TtfaysixsKYMaffiwcs^v^u^^^^T 1 — 

1 6 «rK»i-Sfc*©y ~T^— ^tf^^s-f-Mf© 
^-^18«]»U Ix^^yW^^— v>l 6©^=¥t > 30 

[0014] £"T\ 3yfyf-i/yX^l2^;7- 

93ffi«A I ft\z&fc+&'<f — >A*b<D&1AifcXtfi 1/ 
4f&(7)l/I^l/yXlP L^rilLT, ^/NWc^ffi 

tfcS»I/^PLtt, Ml 9 3nmOM»C» 

IPL OffiRttO u vX*^SrH3rr5«EffiOrtlBHc, 
jfcftl 9 3 nm<0^^flHK3te^K*^«t5KiRSriBtt 

X|12 (11^7^14) *-e©*»K#LTt>ia* 
i:trbn5. 50 



t&m^l 0-303114 
6 

[0015] fcr^T\ ^^wte^coss^pj^i-s 

/i/WHO^aJiftl-li- * T?«» L B T^aStf b 
wo^Di^i^ $ ret£— £ 5 fcft* fe*LTV>3 0 

[0 0 16] ^(Dffimy>U-hUHRS(D±mt£mm 

- w<y v^-t^ir— o>*-r y y'u— 3 vtt, M 

m-fls— bSJHRS fc«afcR»tbJxfc»ffl©S*^— 

a*ite^i/vxi p l t re is ^ 

1^4 5 J: 5 ic^y^-^WHifcS •!) fen, T 

©— «X.tf*B*« : 4 l 6 5 0, 9 8 3*CB* 
WJLHCiieBBWflFS, 2 4 3, 1 9 5*K 
[0 0 17] fcr5-eBli^*Lfcii?), ^HJfi^J-ctt 

^ii*?iv>J:p^«i(g^/«toTV^o £fel-> SJ^i^ 
y XI p l uyxif (OT® (^x/Nwt^ 

Six. CitUcJ;^ *SI«(^v^WTI^ 
^^W<75*ffifc<Z?fH"C*C5ffi# : LQ^iJEtb*^^--X 

«att«fc*5^*S*^^X»PL<75*AJS<ftaa 

2-1 mmOttieMShS ± 5 ^KffSiXTV^S. 

e§o-r. M(DyyXix^7 ffi t ^x/Nw^ffit^ 
pa»cjBj5KSix5«*aojf:*fc 2-1 mmlSl:/«e t) , 



( 5 ) 

7 

[0 0 18] ^l^x-z/^WHtt, S^U^X 

m-?&m»nk&m) k, jtWAxiciijixYfac 

3 0±£XY#ft^2&7G#t!jU *^^T-//WH 
t2XY*x — v>3 4 ±IC 3 Z^fflOT ^ f ax- 
*3 2A, 3 2B, 3 2 C «9 tttt b*L5 0 & 

XZ. 3oOZT^^^^-^?rSV>^^5*fcttZ 
[0 0 19] XY^T-y3 4©2ftS»ilt 

$•^5 U =T*— ^^ISfifcSixsraKi*— * 3 6 tc£ 20 
or tT^tL^o w<£>JPSj*— * 3 6©«9Wtt, ^yu^-r 

3 5 ^ctoT^f^tt^o **5, lEft^— ^ 36^1) — T 
t LtX Y^f-y 3 4©i*««t Ltfi, 08 
*.tf4#IMt8- 2 3 3 9 6 4 4§^«fcllS£*tfc*WS«: 

[0 0 2 0] Jt, ***«-Ctta*U>X*PL«>l7 

77>f * > htyt-FADSrM^^PLiOftffi 40 

[0 0 2 1 ] r <D7* — - T7«{ * V — F 

AD03feMHcSi5«-»tbixfc3fe**-7- (i^X, 

fUc|ES£tu t©***^ ^&»477^ ^ y M^)S 
KIT— ^7*— ^^^ttiffi^tf— A^?gflcLQSrilU 

*-*^«#S f Srta*U ^-^tfttH*tt^3i^W± 50 



#B|5p 10-303114 
8 

Mf-?-S a SrHWrTS. 

[0 0 2 2] -t L,X£l±<D7*~ -;&*fg-§*S f t77^ 
^ y Hit S a ttii»«4 o tiSia* ll, i*J«4 

O^^-^ff fS f (cS^V^T30(DZ7^faX 

£ n 5 ^ * Att k Mi" s ^ * - * * ifi^f^ h rae a s 

fft>tl& X 5 §Z7^fax-^3 2A, B, C&r 
[0 0 2 3] tfc£«»«4 0lt 77^^yffltS 

Y * |fc MSS* ^ ^ X* P L CDK^fff * t * b V ^« JfC 
•*Mtrt-4 J: 5fc* i/f^;^r-v ? a«2 0^ 

[0 0 2 4] ft*3, HI 1 «f» • T^^ * V h 

tyt-FAD fiKK ^ p l ^5feffifp)i3acD 1 ^ 

hffltf)^— ^ k ?x/NWi077^^ > hfflco-^— ^ 
CXttS*^— *«±<fcS^-*) ^^^^^ 

Offi«-TfL*r*»»flffctt'« , t"6TTR iFu^* 

£ 0 *Ltr©TTR77^^h-feyt-4 5^?)© 

ffi«-r*bW-«iifflr*f4^#j«* 4 o s *u ^ * ^ 

^ — v>l 6nYXf- v*3 4<Dffi«ife*fcH3Sfc>*L 

[0025] k^zx-mKosytrnm*. xv^r-y 
3 4 feY^nafc»»ib**"C**«**rtT5 to-efe 

tt, fifT#U^X5RLGa 4:«»U>X*LGbi:-eft* 
ttC*UTfcD, ^^Bifi^^VX^LG a iMl/VX 
*LGbt«lt SK^X^PLOWffliEpiS 
#St5o *^0 2(c^bfcu^^/VR(ctt, 

x^ p l (DmmmvywT&j * k©es-+s 

[0 0 2 6] tltW^RJ:(D«i8Palt 
/URSr«yitfYtt^»ofe**rfil^-*a«V r T^=¥ 
-r y^a^^oo, ^^/^wS:YW^«So^jE*T&]^— 



( 6 ) 

9 

W±0*T^Lfc^3 .y h««S Aa te*«*S*b5. 
i$A I te x g 2 lc*t ± 5 1^ uf^;^±©ffi*P a rtt 

[0 0 2 7] I/f^/URiOWPaftO/^ 

^PL (^XlLGa, LGb) Iliot »)x/nW± 

ttrife^ixS. *LTl/f^;VR±©^-y««P a t 
^XAWi^v'a y F««SAa i: *t*^E 3*55*7 *t" 
££ N ^^NWIi^^tfi^a ^ bffitKS Aa ©819 <DV 
3 y h«SS A b i^»t StSH^ffif IC < 6<fc 5fc* 

_k<Di/=t v hffl*£SAb^^»3t^*t^5 J: 
^^RSr/^^3fefl8Sffl«A I ^jyUTYttOE*lRj^ 
-^MVrT«Hoo, ^^w^tsil: 20 

T% i/a v MKSAbifcifB*o^#-^*» 

2 4, 2 5 7fCl/T^tlTI/^o 
[0 0 2 8] 2(^L/cSM*^l 

v^frfr* B80^^ l 0 rt© ;u^7-f ^ K©i n ©® 
flt^ti^Sr^T. JfKHttttA I ©»tt«r*Oia«^ 30 
^-y«*ei:^fct5i, IH 1 ^fi«r^7 t 5/^ p • T>- 

J:9(c N v*l 6 «r«k»«HKi-ixtf «fcv\> 

[0 0 2 9] 4*5, H2^6Hfe^i5fc, Sf?«S 
I ©tl*ttX:frrtlcSElW:;* U * H*XfiJe»«K«Jfe 

«*?>Yttiao<oiate*isi. -t^^^^^^^i^^ 



0-3031 14 

10 

[0 0 3 0] *HJ£^Jie±^S3ti£B©4#m"e 

B3tr#»LTRHt«. i3[igf I/VXIPL^ 

» l/y XJR P L ©JWirt© jfc»fcfi, TSPeffi-C 
±ffi34S|2iffi<OEU^XSH-T-LE itfH***trv^s. r 
(Oi/yX|fLEi©TIPeit 4m4*03HM0> 

WO»BB**^«*tS**^aiUfcK#B3l 13^ 
l&tit£tlX\t\ eoeg^S 1 1 3tt\ WfiCttlmm 

WEf 1 1 2^o^ot^5 0 

[0 0 3 1 ] &MMfflX&m 3 Id* Lfc £ 5 

S^^^PL0«©^VX|^LE 1 (OTIP e 
t »>x/nW (XfiMSb^^— blfBHR S) ©Xffii:©^ 
^ *^tttt-e©IBBLtt. 2-lmmi«|:S 

^£*L5 0 ^WHrttCSSf^^tL 
*»frLQ(OjS*Hqtt, BiLt»LT2-3ffg* 

AZl^^^fcM^LB^i^^li^mm— 1 OmmgfitJ; 
[0 0 3 2] 5i*LQ(t 

[0 0 3 3] $T S ««cLQ©a*tt*>5B*iBjefcSt 



( 7 ) 

11 

«fc b t -e©gwtt*«»»:«jS*r**.T 

-KI^^^ESr?^SM$N. 9 x l 

0 T /«Ct?*9, *OJB«f*^a««*N, f±»- 8 X 

1 o 6 /fCfe 0 . 7K©JBW*«>a*««:N, o2f2* 2 

»t (fifttfb) SATKjgBLT±C5*£«0&B& 

A F = L • I N I - AT 10 

[0034] rr-o, «as»ft4rafflbftv>a«^ift 

Mgfftf AT^O. 0 ltt Lfc4:#©jKffiiR36*A 

F, ir fiJ^T^J: 5^*5o 

AF (tr = L ■ |N. | • AT=0. 09nm 

AF lq I^TOi9M^ 

AF,, = L • | N q | • AT=8 nm 

[0 0 3 5] r.C7)^HHX^fiiL — jR^fltfflSS^Ol 20 

/304v^ifii/50~i/io oaft^Si Ll^t 

£ftTV^S^, Ar Fxari/^Wf otl^ 
«F**ft5**0*ffiiR**A F...tt:, 1/3 0*1/^ 
UiA/5 0-X/10 0e*^6. 4 3&^U23. 
8 6 — 1. 93 nm^^£> fe*L, M£ KltA/lOO 
Ol. 9 3nmKTm^o £ ^ ^"C^ £ 
O^JC^tta^H^B*^^. ffi«T?0. 0 2 4 lW/m 
Kift 0, tKT-0. 5 6 lW/mktft5, 

(3) td^LfcJ: 51-17 — ^-is? 1 ?* *^>*Lri*l 0 
mmgS^ ^fftiAT^O. Olttfcofc 
tin, *^i-SjftffiflXS*AFi,ttWF*iRIS*AF 
... <M;iT ? Q 

[0 0 3 6] ^r^»±^^b, >f*«ffilRS*A 
F . . B £ #IS L fcfiflSW tfi ATi^y^^* 

AF MJ = l/3 O^L • | N q | - AT 

/^U2, 40 

AF B1I = l/100^L - |N q | - AT 

kteZo ::t% «f$^^gfMAT^o. oi 

t % 9 3 nm, -t UTiSEflEL QOfflJFf^^b 

fiN q $r-8xio '/X^-T^, iKff££*t5!7 — 
=^y^T>f^^^ <£>J¥^) Ltt\ 8mm4V> 

Ltt2. 4mmHTfc45, S*U<tt, ^<£>I7 — ^> 
^7* >T * ^ > * L Sr mfc L Q A — XfcSEtb 5 ©12 
■e2mmin/h*<Lt**iv\ £t±©J:5K*jt 



4#H§¥l 0-303114 
12 

[0 0 3 7] 

oV>T|H4^#^LT^i-5o **Jfe#Jte> *<£>?gi 

A, 5 0B^l^tl, *;vy7-^WHi©!S 
tLTfiaWIS5 0A, 5 0 BI2, igJMr^U— 5 5 

lc. flnj»»6 ote«fcoTSJ»£;h,5o 

[0 0 3 8] 'W^S 3W\ fflO»ik.^</U^6 2 

^LT, M«an 7 f 6 4 i»ffi^y7 P 6 6 

*LQ^»yy6 6^LTM^y h 6 4 
^^LQSr«t5^^6 4A^, ^<Dtf>"76 

[0 0 3 9] £T, r<a<fc5*«J*lC*5V^T, ->^^W 

>f vhstLfctt«B-e««ic<o»*ffii i 3JtKHft«<sn 

Z>k^ H3te*UfcJtaEK»fflO|B«l 1 2^Lti 
JES^itS* ::<Z>ffik iaSBHS5 0A, 5 0BH 

Xffig^ b«t«^L= v Y 6 4 ffi5K§] 9 #fe 9 . ^SISS 

*ixfcaftLQ^y7 p 6 4A<Dffiii:J:ot, 

5 3, ilSS5 2, «5 1^tT^f-^WH^) 



( 

13 

^6 6 Offftl: i o tr-^WH±^L Q^jf 5 
1, /M^5 3 tr*Ut«ft«y f 6 4 0!>f-^ 

[0 0 4 0] :©± 3fc*Sllfc«K:J:ixa, i£g»3t* 

A, 5 OBfcio-CiMtftlMWS^ ^a^SaWSfffl'tt 
»#LQi««^^y h6 4rtteEllRLTlt««WWi-« 

fete, «flcLQO>:#fta*»b«rl&Jt-e#SiSofc 

SBJtfc#Lt«a^ (0!l;ttfO. 5^8*) l:S4ot 
v^^ttt, ^#JIO$l£Hq (H3#HR) #»tt 

[0 0 4 1] 

[#3 0|Ofc0g<DR9§] WcJg3^||;^W;io^-rill5 
Sr#BRUTRWi"S. E 5 fi5fe<©ia 3 ^fllfigSrgfeft Ufc 

2 Jite^'^* ^^9 O^gtfi^tl/T 

-^32A, 3 2C (3 2BftflS) ^tt, XY7 

S?3 4±fcRtf &ttS. tUtf+!X^9 0Ctt, 
Ell, 3, 4i^]«^ ^i$LB, i«i^l/-MlHR 

s, n&&Mm<DMsmi 1 2, «#lqo«w&, #mja 

©aV^5 3 CI2 4#flS) fc»atS*LS51tt5 3A, 5 
3 BdS-tix^ix^SixTV^So f:f:U fflS&5 3Afi 
fr^^-fry* 9 O^iftyi/- h^HRSOj^ia 
a^oWSot*3 9, iB5 3Bft!>x/>fty^9 

[0 0 4 2] £fcfc*SI*«-CH:. f^^9 0« 
gi5(c:3o (2o(D^) OKa7L9 l3fls»j«Six. r 
^S5fi?L9 1 5riloT±TS)-r5 3o (2 00*121*) 
oty^-T^/^tVs 3d\ ±TttBttttMft 8 5 o_b 
f£Rtt6>;h/C^S 0 C <D±_TW*mmffiffi- 8 5 fit, XY* 
T-v ? 3 4fflCi^$n^o W3ooty?-7^y 

t°y8 3(l -)x^^tft 7^ 9 0±(D!>xyNW 
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^i^ty^-T^^ys 3(^5fefl8ffitt. ^-Tr* 
^ 9 0cd*;S®<}; 9 fcTdSofcffiBlcK^SixSo 
[0 0 4 3] *JUS«^ttffit5J8»^>^*P 
L ©3fe iBSBtett, 8 o o jfcjftfc*** A X £ Si£ 

^J£^HiH3«lc:2mmWTI-lS:^^^5o *fciJ-X«1» 

0©rt^l$^^:ttaslfS^^*s*«*i^Tv^5 o 
[0 0 4 4] r.©J:5fcS»u^X»PL<7>3fe«»^5pfT 

Ktt*'<s>*:7*— (Jffl»;fi&#o$fc«<D#* 

tt)> ?I('!7-^y^7 f ^^^y^L5rl-2mmg 

-T^fcfe, spff^|RCGttJa«U^X3RPLO» 

30 <£■ & T K» 1/ V P L ^*S«14IB3fiS«IE $ *LT V * 6 <7> 
T% ^5FffiCGj5Slft»^^X»PL<0*5fefl8^3t^* 

[0 0 4 5] 

[i4^ftWPI] lfefc*»Wo|B4<o*16«fco 

SJ»^vX3KPLOflE1BOT4SSB»-tt, H 1 l^t/^ 
40 — 1fT#W-3 3^&0#iffl^BS r^gttTRtt 

TV>^ 0 ^Lt lfT^tt-3 3^fe©a«flltr— AB 
Smfi> 5fe(DEl5^^bfc«t otZZL^'T'- ^8 2 £>SS 
SB Id @ ^ £ frfc^Rj^M R w KKit £ jTu *©Rlttr— 
AfiU— 1fT*W-3 3 KM 9. #Sffitf-ABSr(DR 
It tf — A t LTWlMRw <©Sl+ffi^ffiaffi«, 

tt, ZL^7^8 2»3oOZ7^f *x-? 3 2 
50 A, 3 2B (3 2CllfiS) ^LTXY^f-^3 4 
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3 ^rgf-ett^* 8 4 A, 8 4B (8 4Ctt«l6) Sr^L 
TXY^r-v ? 3 4i:^$tl, XY^r- S*3 4C» 
■rS*¥*Tiei (XYIW OPMtt36Sffi«)T*# < ft 5 ± 

[0 0 4 6] ^rLT^Hlfi^J-efc, 5fc<£>H]5 

*FpJOB«i«WI8 8 A, 8 8Bi:J;otit8«j^#4 10 
^hP-^ (10-15mmgS) 2 

1MM8MII8 8 A, 8 8Bfi N 7* — % * • W<y >^tf> 
tcZXDZTf^^^—? 3 2 A, B, C£S&<3. 

■7 L -^3 4±^^:±T■ll■^-5r^:4<H**i^TV^« <I * 
LTI 6 5 I- ?x/Nf t y ^ 9 0 iSft Lfctt 20 

^ytV8 3©jfeiBB«:»>x/Nf^ y ^ 9 0©Jx^t 

[004 7lff±oJ:iftirt^ H6tt?x/MVi:t 

£ 4 fc* L Q <D#fcHSMtsfc «£oT * -x^ 

ft^ 9 0±«>«<*LQ*r— *WK#ai-S a 
^ !>x/Nft5/^9 0^ff»$lx5i: N S 30 
BIi8 8A, 8 8 B£fESb£-£T^^-Y 9 0 

^x^wii3o^y^-777't 0 y8 3<£>5fc#£®JLl- 

S L B oiSI^g^ i/y XI p l (HS^T- 
lil/yXffLEl^TSPe, |5ftl3ff¥SC 

tfcffi TXY^f-v^3 x/N^fii * -e#«J £ * 

— A9 5tt N ->x/N^t^^ 9 O^lSPLB^lSffii 
Df3:iS<. £ot>^-7y^lfy8 3±©!>x;nWJ; 

[0 0 4 8] t-5-ei§l6^LfcJ:5^, ifT* 

f+3 3Wlf-ABS rSrS#U>X*PL©#«U 



^i?l 0-303114 
16 

-C***«-et4, #»^BS rCOJt^ilR^LQi: 
©IBfc*^<— «8 7*rE«U a»LQ^b±#t5l 
««Srit»bT#HRlf— S r <03tei»"«8£i-5»e> 

[0 0 4 9] ft£>, «8 7©±»ffilBKH: % #fig 

fcf-AB S r <D3fcgg«:J: 

a b s r <Dyt&±&*mmw\x*m ? mmz t ± v\ 

[0 0 5 0] 

7 (A) , (B) Sr*RaL-CKKi-So 
0 1 Lf^/V^r-^WH^Sil^ @5I»L 
f:ty^-7 5//ii (tV8 3, ZfES)£i$8 5) Srffl 
*fcii:fct<o-efct), !?x/N$lfcS:ffliKt5J:5l^ 

(B) Kwa^^t^^r-^VWH^fS^S 
U H7 (A) (iH!7 (B) f^7A»(D»I^$ 

i-a ^^HI7 (A) , (B) *»b»a»SJ:3K: % 
T-^/WHfi, XY^7-v ? 3 4±^30(DZ7^f 
ax-^3 2A, 3 2C (3 2B(ifBS) £r:fr LTffijf 

9 I'riSKttbfrTV^o -<&KiI?L9 1 fES)$i$8 
5[:ioT±Tflt^ty^-777 P t:V8 3*Sii5„ 
[0 0 5 1] JfeCtRSLftJ: 5t-, S^i/^PL 

LB^)±«ttS*l/^P LCD*Tffi®<t 5 t>S5V\, 
fltot, ^x/^^tfti:*^* XY^T-v 5 3 4 
»l^TSii/yX|P LOiffTd^^^^S:5l# 

[0 0 5 2] ^rrtr*HJ£F!|-e(i, ID 7 fc:^i-«fc 5 i-^ 
fcH!|!Bi«E<e«* KTSBDBSrKltfc. r<0«*KT«B 

(A) , (B) 5^S«fSLBO«I!9^tSfBSriK«tt: 
#ffi£ix3i, B7 (A) *©«IIOJ:5KBI< <fc 51- 
H»HRS<z>*B0>»S J: 9 fc56T(6< ft* £ 
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xz&m) H7 (b) ©j:3tettttte«:«fc!iK:i- 

[0 0 5 3] £Lh© i p ^«^(C*5V>T. ib>\>tf7—7 

SftSditcftS. z<Ok£. wvXlPLIj:TS 
H!V^fc«*KT»DB©±#£infc{M|-*-5. *jxd»6> 
ty^-Ty/f^S 3 ?r_h#^-1i:T^^^Srlig|5LB 

[0 0 5 4] jfcMtigmiz&titi. *;^f-^VWH© 

mmi <om&(o t * k * * a* tpm- 5 a> 

[0 0 5 5] 

l/^T^5 0 "?3i^3 ^rttfii~5 3 a 14 T 

ffitt±SK5«8OjKB»cJ:o-C*ISI!Sn-C*J0, TSB^ 

<0«»8a rtteSUfft^JR 1 ©t»l/>Xi lai^ 

[0 0 5 6] T»*« 7 f*3W«M 7 a SB^te, TSB 
$Ji 7 ©-(HffiKiRttfcfttH P5J:!) fiSPfi&Si 6 Km 

7rt©»«7 a<7^^-€<tft5J;?t-©J#PL-c<^ 

[0 0 5 7] rcD*^g^>lie:*5v^r«, TSB^fi 7 i ±gp 
»LTV^. fife*, *^^3£ltX^LfcT^S§rt<Z>if 

*JfcS8±L.ftv\ ©EEA*M&tt. JB*f* 

wSfet*ift9M^»EilXMSlfc©IIH£ft5;6S, 
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8 Kffitz £ irfcft* 8 a ©*T\ r <DSE#C7JftSg L 

[0 0 5 8] fefe*|tlH!|-?<*TflUMI 7 t Jb*5»» 8 

»*«8*rH^i-5-4:fc-e#5. ©Iff £ # I- 

10 S„ UfcdSoT!7— ^^^7*w^^V^L©5t»T?, -h 
»*»8rtfiDjS«8 atOff^L. it) fe, T«U*«7rt 
©»« 7 a ©JIS L, ©#t+»K*< JgriltS r i * 
LV\ 
[0 0 5 9] 

— ^>^7-f 1 ~2mmgSi:Sftt^$V^ 

©:7 • T^-Tt* V h-fe>"!»— F ADSrffip 

20 tLfc. Lrt>Lft#b, ^(4*11^4, 8 0 1, 9 
7 7-SK *H ! ^I 2 IF4, 3 8 3, 7 5 7 JxT 

[0 0 6 0] 01l:*Lfc7^-*^ - 77^^ 

30 as, rror^'f^vh-feyt-fci/f ^^Rtgguy 

X5f* P L £ Sril LT ^x^Wlffiv- ^ «rl£ttii-5gl 1 
=?'©TTR77^^VHr>'t-4 soil:, S^t-^ 
P LW^-^i LT ^x/nW±©v- ^ 5rtfflt 5 T 

TL*S;©77^^vhtyt-iLtt)iv\ 

[0 0 6 1] 

[mi] *»w©*i«5*i(6«K:j:53fe3ta«>aii?ar3t 

[HI2] ^V^Sr«SM«jfcBlWi-'5fc«> 

50 &&mmmx&>z B 
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